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(57) Abstract 



A method of transfemng relatively low frequency data infonnation on a data channel for relatively high frequency data transmission 
comprises modulating the data rate of the relatively high frequency data channel in accoidance with the low frequency data infomiation. 
ine pnase vanation generated thereby is controlled so as to be within a range which is defined upwardly by a predetermined value and 
denned downwardly by the phase variation which occurs in the data channel at an unmodulated data rate. This ensures that additional data 
miormauon may t>e transferred in a networic in which a detemuned phase variation Oitter) requirement (34. fig. 5) is to be observed. A 
""^Tnl'^t^l^^^^^^^ ^ multiplexer (23) controlled by a phas^locked loop (25. 26. 27) to restrict phase variations Oitter) 

out or a transmitter (20) additionally comprises a circuit (29) so that the multiplexer (23) depends on a signal (DATA). 
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A method and a circuit for the transfer of data informa- 
tion 



The invention relates to a method of transferring rela- 
tively low frequency data information on a data channel 
for relatively high frequency data transmission. This may 
e.g. comprise transfer of control and monitoring signals 
on a channel intended for telecommunication. 



10 



In many forms of communications networks it is necessary 
to have a facility for controlling and monitoring the 
network. In connection with this control and monitoring 
it is expedient to have a special channel which is dedi- 
15 cated to the purpose. This channel may be implemented in 
may ways, but, of course, the implementation must be 
based on the technology which works best together with 
the communications network both technically and economi- 
cally. 

20 

Communications networks in which data are transmitted at 
high rates frequently work with a complex and standard- 
ized frame structure in which the data to be transmitted 
on the network are arranged. This frame structure allows 

25 embedding of a certain amount of information which is re- 
lated to the control and monitoring of the communications 
network together with the data which the network is in- 
tended, to transmit. It is hereby made possible for the 
network elements capable of inserting communications sig- 

30 nals into and extracting them from this frame structure 
to communicate with each other about the state of the 
network. 



35 



An example of a communications network in which data are 
transmitted at high rates is optical telecommunications 
networks. In optical telecoimtiunications networks which 
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10 



extend over relatively great distances and in which the 
network elements are interconnected by optical fibres, it 
is possible to use purely optical amplifiers between the 
network elements to compensate for attenuation through 
the optical fibres. It is desirable to be able to control 
these purely optical amplifiers, without it being neces- 
sary to implement expensive and sophisticated electronics 
in order to extract the control and monitoring signals 
which are embedded in the mentioned frame structure. 



The prior art includes systems in which control and moni- 
toring signals may be transmitted on the same physical 
medium as the data transmission signals, without it being 
necessary to extract the control and monitoring signals 
15 which are embedded in the frame structure. 

A known method of transferring the mentioned control and 
monitoring signals in e.g. an optical communications sys- 
tem is based on transmission of the data communications 

20 signals at one nominal wavelength through the optical 
fibre and transmission of the control and monitoring sig- 
nals at another nominal wavelength. This prior art, how- 
ever, is vitiated by the drawback that additional band- 
width is occupied in the fibre in the form of a frequency 

25 band around the said another nominal wavelength. Further, 
this technique requires more expensive wavelength multi- 
plex components and selected lasers. 

Another known method of transferring control and monitor- 
30 ing signals in both optical and traditional electrical 
communications systems is based on a relatively low fre- 
quency amplitude modulation of the data transmission sig- 
nals. This method occupies additional wavelength only to 
a very limited extent, but, on the other hand, it impairs 
35 the sensitivity of a receiver when the data transmission 
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signals in the form of electrical pulses are to be regen- 
erated- 

Accordingly, an object of the invention is to provide a 
5 method of transferring control and monitoring signals in 
a communications system in which data communications sig- 
nals are transferred at a given data rate so that these 
control and monitoring signals may be detected in a rela- 
tively simple manner. 

10 

This is achieved according to the invention by a method 
wherein the data rate of data communications signals in a 
communications network is modulated in accordance with 
relatively low frequency information, in the form of con- 
15 trol and monitoring signals, so that the contribution of 
the modulation to the total variation of the data rate in 
the network does not exceed a specified level. 

It will be expedient that said modulation of the data 
20 rate is performed so that the frequency components caused 
by the modulation are positioned in a. frequency band, as 
stated in claim 2, in which the data channels in the com- 
munications network are disturbed as little as possible. 

25 If, as stated in claim 3, this frequency band is placed 
where the variation in the data rate (jitter) is already 
low, the relatively low frequency data information, in 
the form of control and monitoring signals, may have a 
maximum dynamic range, 

30 

In an SDH network (Synchronous Digital Hierarchy), it 
will be particularly expedient to place said frequency 
band between 500 Hz and 3 kHz. This is stated in claim 4. 



35 



An expedient embodiment is obtained if, as stated in 
claim 5, it is possible to embed several channels in the 
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relatively low frequency data information. Several re- 
peaters may hereby be controlled independently of each 
other. 

5 A first expedient embodiment for the embedding of several 
channels in the relatively low frequency data information 
is stated in claim 6, in which said channels are obtained 
by coding the relatively low frequency data information. 

10 Another expedient embodiment for the embedding of several 
channels in the relatively low frequency data information 
is started in claim 1 , in which said channels are obtained 
by allocating to each channel a frequency band in the 
modulated signal. 

15 

Further, as stated in claim 8, it is expedient that the 
relatively low frequency data information is used for 
controlling a receiver, e.g. in the form of an optical 
repeater , 

20 

An expedient embodiment is obtained, e.g. as stated in 
claim 9, by modifying a known transmitter circuit so that 
the relatively low frequency data information may con- 
tribute to the control of the output signal of a multi- 
15 plex circuit, thereby generating a variation in the out- 
put data rate within a specific range. 

A particularly expedient embodiment is obtained if, e.g. 
as stated in claim 10, the relatively low frequency data 
iO information contributes to the control of an oscillator 
connected to control said multiplex circuit. 

The invention will now be described more fully below with 
reference to the drawing, in which 
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fig- 1 shows a part of an optical communications system 
in which the invention may be applied, 

fig. 2 shows a transmitter in which the invention may be 
5 applied, 

fig. 3 shows a transmitter adapted to • transmit ordinary 
communications signals and control/monitoring signals ac- 
cording to the invention, 

10 

fig. 4 shows an electrical demodulator in an optical am- 
plifier, 

fig. 5 shows jitter as a function of frequency, where the 
15 curve 33 is the jitter which a receiver must be capable 
of tolerating as a minimum and a transmitter may generate 
as a maximum, while the curve 34 is an example of the 
probable maximum jitter in a network in which the inven- 
tion is not applied, 

20 

fig. 6 shows that several receivers are capable of re- 
ceiving control and monitoring signals. 

Fig. 1 shows a part of an optical communications system 
25 in which the invention may be applied. A transmitter 1 
transmits communications signals, e.g. telecommunications 
signals, in the form of optical signals into an optical 
fibre 7. In a communications network, the nodes are net- 
work elements. Various forms of data switching and ex- 
30 change may take place in network elements. If the dis- 
tance to the network element in which the communications 
signals are to be detected, is suitably long, the optical 
signals will be subjected to such a strong attenuation 
that it is necessary to amplify them en route, so that 
35 the communications signals may be detected correctly in 
the receiver. One or more so-called repeaters 2 are 
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therefore inserted into the transmission path between two 
network elements, the purpose of the repeaters being to 
amplify arriving signals and to pass them further on in 
the network. The repeaters may be implemented both as 
5 electrical and optical amplifiers or as a hybrid thereof. 

Optical repeaters are prior art and will not be described 
in detail. However, it is noted that optical repeaters 
are based on performing the amplification of the optical 

10 signals in an optical fibre doped with a fluorescent ma- 
terial, e.g. the earth Erbium, The supply of energy to 
the doped fibre takes place by coupling optical pump 
power into the fibre at a wavelength which does not coin- 
cide with the signals to be amplified. For a repeater 2 

15 to be controlled, it is necessary, however, to introduce 
a plurality of electrical circuits. The amplifier 2 in 
fig. 1 therefore comprises e.g. an optical power divider 
4 connected to an optical/electrical converter 5 so that 
the optical signal may be monitored electrically. It 

20 should be noted that the order of the power divider 4 and 
the amplifier 3 may be reversed, of course. The circuit 6 
is a circuit in which it is possible to control the re- 
peater 2 on the basis of an electrical representation of 
the optical communications signals- If some form of sys- 

25 tematic variation in the signal ransmitted via the opti- 
cal fibre is introduced into the transmitter 1, it is 
possible to detect this variation in the circuit 6 on the 
basis of an electrical signal generated by the opti- 
cal/electrical converter 5. 

30 

Fig, 2 shows a network element in which the invention may 
be applied. More or less sophisticated processing of data 
will take place in such a network element, causing the 
data, which have been subjected to processing, to arrive 
35 in an uneven flow. In a network element 10 it is thus 
well-known to have a buffer 12 interposed between a proc- 
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essing unit 11 and an output module 14, e.g. in the form 
of an electrical/optical converter. Output of data from 
the buffer 12 is controlled by a phase-locked loop. This 
phase-locked loop consists of a phase/frequency detector 
5 15 which measures the difference between a local synchro- 
nization clock LS and an output clock';, signal for the 
buffer 12. The output signal from the phase/ frequency de- 
tector 15 is filtered in the filter 16, and the filtered 
signal, in the form of a control signal, controls the 
10 output frequency of the oscillator 17. This results in a 
jitter-free data rate out of the network element 10. 
Since the circuit in fig. 2 comprising a buffer and a 
phase-locked loop is assumed to be known to a skilled 
person, only the principle is illustrated. 

15 

The ability to suppress fluctuations in the data rate 
caused by the internal processing functions of the net- 
work depends primarily on the size of the buffer and the 
bandwidth of the loop. The bandwidth of this phase-locked 

20 loop is determined such that it suppresses fast varia- 
tions in the data flow, and so that it permits relatively 
small and slow variations in the data flow to pass out of 
the transmitter. The principle is specified in various 
standards. The purpose of this is to make some standard- 

25 ized requirements with respect to the variation which a 
network element receiving transmission data must be ca- 
pable of tolerating as a minimum. An example of a speci- 
fication of the variation which must be tolerated in a 
network element receiving transmission data, is shown in 

30 fig. 5 as curve 33. The variation measured in unit inter- 
vals is shown as a function of the frequency F. A unit 
interval corresponds to a bit period. 

Since a communications system e.g. based on the SDH stan- 
35 dard is associated with a plurality of characteristic 
frequencies, e.g. frame and bit rates, a data processing 
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system will cause variations (jitter) with several spec- 
tral components. This spectral distribution depends on 
the network configuration concerned, of ^ course, but may 
be approximated to a sufficient extent to be utilized in 
5 the invention. This is illustrated in fig. 5 curve 34, 
based on an SDH network. A characteristic bulge occurs in 
the spectral distribution at about 10 kHz and at DC. The 
hatched area 35 in fig. 5 indicates that a contribution 
to the variation already present in the network may be 

10 introduced in a frequency band between Fi and F- (about 
500 Hz and 3 kHz) . This variation may be introduced in a 
dynamic range Di to D2 having the size of about 0.8 UI , 
The dynamic range between D2 and the curve 33 in fig. 5 
shows that the system has a certain tolerance with re- 

15 spect to the specifications in practice. 

The above-mentioned variation in the dynamic range Di to 
D2 may be introduced e.g. by implementing a circuit in a 
network element as shown in fig. 3. Fig. 3 shows a net- 

20 work element adapted to transmit ordinary communications 
signals and control/monitoring signals according to the 
invention. The transmitter 20 is different from the 
transmitter 10, as the phase-locked loop is modified so 
that it may be modulated with signals according to the 

25 invention. This may be achieved e.g. by adding a new con- 
trol signal, caused by a control or monitoring signal, to 
the control signal from the filter 26. It is thus the sum 
of the two control signals, generated by the summation 
element 28, which is used for controlling the oscillator 

30 27. The new control signal from the modulator 29 must 
necessarily be so fast that the control signal from the 
filter 2 6 cannot compensate the phase error caused by the 
new control signal. 

35 The modulator 2 9 is based on prior ai?t and is arranged 
such that a control and monitoring signal, DATA, is con- 
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verted by means of a clock signal, CLK, into the new con- 
trol signal which contributes to the modulation of the 
oscillator 27. It is hereby possible to transmit the sig- 
nal DATA, which may be detected in a relatively simple 
5 manner, while transmitting e.g. teleinf ormation in the 
mentioned complicated frame structure. 

The method of transferring control and monitoring sig- 
nals, as described above, may be extended to transfer 
10 control and monitoring signals for several receivers. 
This may be implemented in an embodiment by addressing 
the individual receivers with a coded signal. This ad- 
dressing and coding may take place by using a data proto- 
col which is known to both transmitter and receiver, 

15 

Alternatively, control and monitoring signals may be 
transferred to several receivers by using frequency mul- 
tiplexing so that each receiver is dedicated to a prede- 
termined frequency band in which the control and monitor- 
20 ing signals are transmitted. 
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Patent Claims: 



1. A method of transferring relatively low frequency 
5 data information on a data channel for relatively high 
frequency data transmission, characterized 
in that the data rate of the relatively high frequency 
data channel is modulated in accordance with the low fre- 
quency data information so that the phase variation gen- 
10 erated thereby is within a range which is defined up- 
wardly by a predetermined value and defined downwardly by 
the phase variation which occurs in the data channel at 
an unmodulated data rate. 

15 2. A method according to claim 1, character- 
ized in that the modulation is controlled such that 
frequency components occur in a predetermined frequency 
band . 

20 3. A method according to claim 2, character- 
ized in that the frequency band is selected as a band 
in which the jitter swing in the data channel at an un- 
modulated data transmission is relatively low, 

25 4. A method according to claim 3, character- 
ized in that the frequency band is between 500 Hz and 
3 kHz, 

5. A method according to claim 1, character- 

30 i z e d in that the relatively low frequency data infor- 
mation contains several data channels - 

6. A method according to claim 5, character- 
ized in that said channels are obtained by coding the 

35 relatively low frequency data information. 
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20 



25 



7. A method according to claim 5 or 6, charac- 
terized in that said channels are modulated in 
their respective frequency bands in accordance with the 
associated relatively low frequency data signals. 

8. A method according to claim 1, wherein the relatively 
low frequency modulation is detected in a receiver, 
characterized in that the detected low fre- 
quency data signal is used for controlling the receiver. 



9. A circuit for transmitting relatively low frequency 
data information on a data channel for high frequency 
data transmission and comprising a multiplex circuit (23) 
as well as a circuit (22, 25, 26, 27, 28) to generate a 
15 control signal for the multiplex circuit to transmit the 
relatively high frequency data transmission, char- 
acterized in that the control circuit is adapted 
to receive the relatively low frequency data information 
and to control the output signal of the multiplex circuit 
so as to generate a phase variation in the output signal 
within a range which is defined upwardly by a predeter- 
mined value and defined downwardly by the phase variation 
which occurs in the data channel at an unmodulated data 
rate . 



30 



10. A circuit according to claim 9, character- 
ized in that the control circuit comprises an oscil- 
lator (27) which is controlled by a phase/ frequency de- 
tector (25) and by a modulation signal generated in re- 
sponse to the relatively low frequency data information. 



W0 98A28847 PCT/DK97/00592 



1/3 




6_/ 

Fig. 1 



10 



SDH- 


> 




processor 




BUFFER 




V 


11 




LS 









MUX 

' X-T 


¥ 


E/O 






a 



r 



17 



LPF -/oSCj 



Fig. 2 



wo 98/28847 



PCT/DK97/00592 



2/3 



21 



SDH- 
processor 



LS 



./:..!!_ .£.. 



BUFFER 



20 



/r- 



23 



24 





MUX 

■ - — 3 C ' 








1/ 




> 


E/O 





( OSCj 

^25 



27 



1 






FFD 

) 


— \ 


LPF 



CLK 



Fig. 3 




28 





Fig. 4 



wo 98/28847 



PCT/DK97/00592 




Fig. 6 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/DK 97/00592 



A. CLASSIFICATION OF SUBJECT MATTER 


IPC6: H03K 7/10, H03K 9/10, H04B 14/02, H04J 9/00 

According to InlfirnaUonal Patent Classification (IPC) or to boih national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H04L, H04B, H03K, H04J 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,NO classes as above 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


C DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Gtation of document, with indication, where appropriate, of the relevant passages 


Relevant to daun No. 


A 


us 5473633 A (HORST-DIETER FISCHER ET AL), 
5 December 1995 (05.12.95), column 1, 
line 7 - column 3, line 52, abstract 


1-10 


A 


US 46770608 A (GUNNAR S.FORSBERG), 30 June 1987 

(30.06.87), column 2, line 42 - column 3, line 16, 
abstract 


1-10 


A 


US 4410979 A (KENZO TANABE ET AL), 18 October 1983 
(18.10.83), abstract 


1,9 


1 xi P"^*ther documents are listed in the continuation of Box C. | )(| See patent family annex. 


* Special categories of cited documents 

"A" document defming the general state of the art which ts not considered 

to be of particniar relevance 
'H' erlier document but published on or alter the international filing date 

'L' docummt which may throw doubts on. priority claim(s) or which is 
cited to establish the publication date of another dtation or other 
special reason (as specified) 

'O' document referring to an oral disclosure, use, exhibition or other 
means 

'P' document published prior to the international filing date but later than 
Che priority date claimed 


later document published after the imemational (iling date or priority 
date and not in conflict with the appticatioa but cited to understand 
the principle or theory underlying the invention 

document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

^Y* document of particular relevance: the ctaicrted invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

"Af" document member of the same patent family 


Date of the actual completion of the international search 


Date of mailing of the international search report 


18 Mav 


1998 


25.05.98 




Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No, -f 46 8 666 02 86 


Authorized oflicer 

Peder Gjervaldsaeter 

Telephone No. + 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/DK 97/00592 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of document, with indication, where appropriate, of the relevant passages 



Patent Abstracts of Japan, Vol 11, No 367, E-561 
abstract of JP 62-139409 A (HITACHI LTD), 
23 June 1987 (23.06.87) 



Patent Abstracts of Japan, Vol 15, No 187, E-1067 

abstract of JP 3-48535 A (NEC CORP), 1 March 1991 
(01.03.91) 



US 4399564 A (STEWEN J. COWEN), 16 August 1983 
(16.08.83), column 4, line 23 - line 46, 
abstract 



US 4928318 A (HIROYUKI IBE ET AL), 22 May 1990 

(22.05.90), column 3, line 30 - line 59, figure 1 



US 3781715 A (MARTIN C. POPPE, JR. ET AL), 
25 December 1973 (25.12.73), abstract 



Relevant to claim No. 



1,9 



1.9 



1,9 



1,9 



1.9 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 
Information on patent family members 



Patent document 
cited in search report 



Publication 
date 



International application No. 

PCT/DK 97/00592 



Patent family 
member(s) 



Publication 
date 



us 


5473633 


A 


05/12/95 


DE 4210966 A r 
EP 0563719 A 
JP 6222806 A 


n7/i n/Q"^ 

U// xU/ 30 

06/10/93 
12/08/94 


us 


46770608 


A 


30/06/87 


NONE 




us 


4410979 


A 


18/10/83 


CA 1167985 A 
JP 56129447 A 


22/05/84 
09/10/81 


us 


4399564 


A 


16/08/83 


NONE 




us 


4928318 


A 


22/05/90 


CA 1238687 A 
DE 3685890 A 
EP 0193396 A,B 
JP 61198935 A 


28/06/88 
13/08/92 
03/09/86 
03/09/86 


us 


3781715 


A 


25/12/73 


NONE 





Form PCT/ISA/210 (patent famUy annex) (July 1992) 



